Background: The family of disorders associated with antibodies against neuronal surface antigens is a rapidly expanding category of autoimmune neurologic disease. Methods: Clinical and laboratory findings of a patient with voltage-gated Kv1 potassium channel (VGKC)-complex autoantibodies are reported and the literature is reviewed. Results: New-onset faciobrachial dystonic seizures, distal large and painful small fiber peripheral neuropathy, dysautonomia, cognitive and memory disturbances were associated with hypometabolism of the left temporal lobe without evidence of systemic malignancy in whole-body positron emission tomography with 2-deoxy-2-[fluorine-18] fluoro-D-glucose integrated with computed tomography. Brain MRI and cerebrospinal fluid were normal with absent intrathecal VGKC-complex antibodies consistent with extrathecal production. Epidermal nerve fiber studies confirmed small fiber neuropathy in association with abnormal autonomic laboratory testing. Discussion: Neurologic involvement associated with VGKC complex autoimmunity is a precisely delineated disorder involving the central, peripheral, and autonomic nervous system.
Introduction
Autoantibodies against the voltage-gated Kv1 potassium channel-(VGKC)-complex detected by radio immunoprecipitation assay (RIA) in the sera of patients with autoimmune encephalitis do not bind to VGKC-complex channel proteins, but instead bind to synaptic and axonal neuronal proteins that coprecipitate with detergent-solubilized VGKC [1] [2] . Attention has been directed toward identifying the principal autoantigens in the VGKC-complex and an expanding spectrum of corresponding phenotypes. The principal autoantigens most commonly defined are leucine-rich glioma-inactivated protein 1 (LGI1) in the central nervous system (CNS) and contactin-associated protein-like2 (CASPR2) which associates with transiently-expressed axonal glycoprotein (TAG1), post synaptic density Protein-Drosophila disc large tumor suppressor-zonula occludens-1 protein (PDZ), and the ankyrin-spectrin protein in both the peripheral nervous system (PNS) and CNS [1] [2] . There is a diversity and overlap of neurological phenotypes that relate to VGKC-Complex-IgG values in the serum and CSF and Ig-subtype specificity. The commonest presentation of VGKCcomplex autoantibodies is LE in the CNS and neuromyotonia or Morvan syndrome in the PNS [3] . We present the clinical and laboratory findings of a patient that manifested PNS, CNS and autonomic nervous system (ANS) involvement.
Patient Report
A 68-year-old woman developed postural lightheadedness and palpitations in 
Discussion

Historical Background
The earliest affected patients with VGKC-complex encephalitis were described by Brierley and colleagues in 1960 [4] . Three patients, all in the seventh decade of life, similar to the present patient, presented with focal temporal lobe seizures, neuropsychiatric, and memory disturbances, including one (Case 3) with neuropathic complaints. The patients progressed from stupor and coma to death over a mean of 8 months (range 3 months to 14 months). Postmortem examination in all three showed an intense inflammatory reaction most severe in the medial parts of the temporal lobes without hemorrhage, necrosis or inclusion bodies. Although interpreted as a novel presentation of non-neoplastic subacute encephalitis, two patients were suggested to have a possible relation to cancer.
Case 2 manifested had several enlarged mediastinal and hilar lymph nodes noted at postmortem examination which were infiltrated by oat-shaped cells. Chest radiograph in Case 3 disclosed a shadow in the right hilum that was negative for cancer and at postmortem found to be fibrotic lymph nodes.
In 1968, Corsellis and colleagues [5] coined the term "limbic encephalitis" noting a relation to bronchial cancer in three additional patients in the sixth to eighth decade of life, showing close clinicopathologic similarity to the cases described by Brierley and colleagues [4] . All three had subacute temporal lobe seizures, neuropsychiatric, and memory disturbances for two years before death, with resultant inflammatory lesions mainly in limbic grey matter sections of the brain, notably in medial temporal lobe structures of the uncus and amygdaloid nuclei, and in the hippocampal, cingulum and dentate gyri. In addition, Case 2 had removal of an undifferentiated non-metastatic lung carcinoma six months after onset of neurological symptoms, while two other patients had clinically unsuspected cancer at postmortem examination. Case 1 was found to have bronchial carcinoma restricted to a mediastinal lymph node without primary lesion, while Case 3 had an unsuspected oat cell carcinoma infiltrating the main bronchi of both lungs and adjacent mediastinal nodes.
By 1998, Lennon [6] and Dalmau [7] and colleagues established the paraneoplastic basis of LE in association with specific autoantibodies, including ANNA-1 (Hu) in association with lung cancer; to MA antigen 2 (Ma2) in testicular cancer [8] and CRMP5/Cv2 in thymoma [9] .
In 2000, Bien and coworkers [10] [11] described several patients with nonparaneoplastic LE without an established immunologic basis. Two patients with VGKC complex encephalitis reported by Buckley and colleagues [12] had near-complete recovery that paralleled the fall in VGKC complex IgG titers including one who was treated for recurrent thymoma and received plasma exchange (PE), and absent a detectable tumor or specific immunotherapy in the other patient. Vincent and coworkers [13] coined the term VGKC-antibody-associated "encephalopathy" to distinguish patients with potentially reversible non-paraneoplastic syndrome from those with an association to malignancy and a poorer prognosis. Irani and Vincent [14] concurred with this terminology as more patients were diagnosed empirically without tissue evidence of inflammation. In 2008, Tan and colleagues [15] described the clinical neurologic manifestations of VGKC-complex autoimmunity among 72 patients with non-paraneoplastic VGKC complex autoimmunity, the neurologic manifestations of which were generally subacute onset (71%) of cognitive impairment (71%), seizures (53%), dysautonomia (33%), and peripheral nerve dysfunction (25%) similar to the present patient. In the same year, Irani and colleagues [16] described seizure-like attacks, later termed FBDS [17] , for its distinctive semiology, further noting its close association with VGKC complex LGI1 antibodies and onset of LE.
VGKC-Complex Subtyping
The high proportion of VGKC-complex IgG-seropositive patients whose serum samples lack LGI1 IgG and CASPR2 IgG specificities, similar to the present patient, suggests that other VGKC-complex molecular targets remain to be discovered. Only about 4% to 5.5% of unselected cases were seropositive by RIA with confirmatory retesting using 125 I-α-dendrotoxin alone (radioligand for Kv1.1, Kv1.2, and Kv1.6 channels) [3] [18] [19] , making the test unreliable as a screen for LE without further subtyping for LGI1 and CASPR2-IgG. So selected, 26%
[3] to 28% [19] of seropositive VGKC sera revealed reactivity with LGI1 and/or CASPR2-IgG, with a significant association between LGI1-IgG-positivity and cognitive impairment andseizures (P < 0.05), and CASPR2-IgG-positivity and peripheral motor excitability (P = 0.004) [3] , however neither autoantibody was pathognomonic for a specific neurologic presentation.
Yet there was concern for screening of unselected sera for VGKC-complex antibodies by RIA. Graus and Gorman [20] argued that the VGKC-complex RIA antibody test could be used as initial screening to select positive samples that could then be confirmed by LGI1 or CASPR2-IgG antibody subtyping, however the latter were also positive in selected VGKC-complex antibody-negative sera by RIA [19] [21] . Paterson and colleagues [22] noted positive VGKC-complex antibody values (>400 pm; >0.4 nM) that were likely to be relevant in LE and related syndromes, as well as low-positive values (<400 pm; 0.1 -0.4 nM) in 32/44 cases considered to be non-autoimmune, 4 (13%) cases of which were found to have a definite or probable autoimmune disease including paraneoplastic neurologic disorder, neuromyotonia or Morvan syndrome. Ances and colleagues [23] noted that the RIA used in the clinical analysis of VGKC-complex antibodies identified a limited number of subunits (Kv1.1, Kv1.2 and Kv1.6) but that it was reasonable to speculate that antibodies to other subunits, K (+) channel families and VGKC ion channels might also associate with LE [13] .
Laboratory Investigation of VGKC Complex Autoimmunity
Cerebral imaging studies in autoimmune LE show highly variable results. The present patient had temporal lobe hypometabolism on [ patients with VGKC-complex LE noting normal findings in up to 53% of CSF specimens. There were no significant differences between the CSF findings and the titers of serum VGKC-complex autoantibodies. Slight pleocytosis, mainly consisting of lymphocytes and monocytes, and elevated total protein concentrations were present in 41% and 47%, respectively. A disturbance of the integrity of BBB was found in 6 (35%) patients based upon an abnormal CSF/serum humoral immune response. Absence of CSF-specific OCB, considered to be a marker of autochthonous antibody synthesis within the CNS in all patients [27] suggested an extrathecal origin of VGKC-complex autoantibodies. Vincent and colleagues [13] reported the CSF findings in 10 patients, all with VGKC-complex antibody-associated LE, noting mild lymphocytosis and mild or moderately raised protein content in one-half. OCB were noted in 1 patient, while 6 other OCB were identical to serum. VGKC-complex antibody assays on matched serum and CSF showed antibodies levels of the latter present in 4 patients that varied between <1% and 10% of the serum, and beneath 10% in one patient with the lowest serum value. Ten positive sera retested for binding to rat brain sections revealed 5 strongly seropositive by RIA and immunohistochemistry and directed mainly against Kv1.1 and Kv1.2 subtypes of VGKC present in the molecular layer of the dentate gyrus of the hippocampus as previously shown by others [12] [28] [29] . These findings were consistent with extrathecal synthesis of VGKC-complex antibodies. It is of interest that NM brain SPECT imaging in the present patient [17] showed perfusion defects similar to 2 reported patients with FBDS and LGI1-antibody LE [17] that might explain passage of extrathecally-derived VGKC-complex antibodies across a disrupted BBB.
According to Irani and colleagues [17] 89% of patients with FBDS were highly correlated with development of LGI1-IgG-associated LE. The attacks were typically very brief (usually <3 seconds) occurring up to fifty times in a day, all with arm involvement, as well as the ipsilateral face (76%), leg (34%) and trunk (28%). In 69% of patients, FBDS involved either side but was always unilateral on any occasion. In 7 (24%) patients, vocalizations, similar to the present patient, occurred at the start of an attack rarely with ictal loss of awareness. In a cohort of 29 affected cases [17] , EEG revealed interictal diffuse or bilateral fron-totemporal slowing or temporal sharp waves in 17 (65%) patients, and was normal in 9. Lumbar CSF examination was unremarkable in 20 (80%), and brain MRI was normal in 12 (46%), with the remaining 14 showing increased T 2 -signal changes in bilateral (10 patients) or unilateral temporal lobes (2 patients). The mechanism of seizures in association with LE is not well understood. Antiepileptic drugs (AED) were generally ineffective showing a reduction in FBDS frequency in only 4 (14%) patients, often with an excess of intolerable side effects.
Immunotherapy employing corticosteroids, intravenous immune globulin (IVIg), plasma exchange, or rituximab given to 26 patients was associated with an equal response in reducing attacks by >50% or 20% to 50% in 96% of patients suggesting an autoimmune mechanism of FBDS. Neuropathic pain as a manifestation of VGKC-complex autoimmunity was noted in 316 (4%) of 1992 patients evaluated neurologically at a tertiary referral center [31] that was typically subacute in onset, nociceptive, regional, or diffuse.
In those suspected of peripheral neuropathy, the abnormality detected most commonly in EDX studies was a minor reduction of sural SNAP with motor hyperexcitability, while structured examination revealed mild subjective loss of temperature and pain attributed to small fiber dysfunction. The VGKC-complex antibody titers were often low (0.02 -0.1 nM) and antibodies to LGI1 or CASPR2 were present in 28% overall, with the latter most common (7%). Bennett and Vincent [32] conjectured that VGKC-complex antibodies led to enhanced excitability of the somatosensory system noting that CASPR2 was an adhesion molecule that forms a complex with Kv1.1 and 1.2 in the juxtaparanodal region of the node of Ranvier capable of modulating intermodal resting potential. Its effects could also operate on the soma of C-fiber nociceptors that express VGKC currents, blockade of which could enhance neuronal excitability.
Analogously, voltage-gated sodium channels were deemed responsible for the generation and conduction of action potentials in the peripheral nociceptive neuronal pathway where NaV 1.7, NaV 1.8, and NaV 1.9 sodium channels (encoded by SCN9A, SCN10A, and SCN11A) are preferentially expressed [33] .
Dysautonomia
Autonomic involvement, so noted in 29% of the cohort studied by Klein and colleagues [31] and in 3 (60%) of the patients described by Lahoria and coworkers [30] , was ascertained by thermoregulatory sweating or axonal reflex testing (QSART). The symptoms of small fiber neuropathy (SFN), which arise from dysfunction in nociception, temperature and autonomic modalities [34] , are most adequately assessed by assessment of ENF density [35] and a combination of cardiovagal, sudomotor and adrenergic functions tests [36] . A peripheral basis for autonomic dysfunction was suspected in the present patient because of the association with SFN. Hypothermia was described in association with VGKCcomplex antibody-associated LE in 4 patients [37] , Patient 1 of whom had concomitant neuropathic patient, and in the absence thereof in the others who were conjectured to have otherwise disturbed hypothalamic thermoregulatory mechanisms as the cause for dysautonomia.
Treatment
Treatment of underlying VGKC-complex-associated LE with FBDS, and concomitant distal large fiber and painful SFN, and dysautonomia, was initiated with IVIg therapy. However, the management of VGKC-complex antibody-associated LE may also include PE, and immunosuppression with corticosteroids, nonsteroidal immunosuppressive, chemotherapeutic or biological agents for refractory or more severe cases [13] [16] [38] [39] . Albeit uncommon, spontaneous remission of LE occurs in the absence of immunotherapy [24] with management alone of associated temporal lobe seizures using AED.
Bataller and colleagues [40] noted that treatment-responsiveness of LE was especially favorable among patients with antibodies to the VGKC-complex with overall improvement in two-thirds or more of patients. However, a favorable response to therapy was not limited to patients with VGKC-complex antibodies but extended to novel-cell-membrane antigens (nCMAg) expressed in the hippocampus. If the autoantigens were unknown but found to be highly enriched in neuronal cells membranes of the hippocampus, these antibodies were likewise associated with a favorable outcome emphasizing the usefulness of immunohistochemistry with PFA-fixed tissue and cultures of live hippocampus rat neurons in the analysis of highly-suspected patients with LE. The salutary effect of immunotherapy in the management of seizures in VGKC-complex antibody-associated LE supported an autoimmune basis for FBDS in the present patient and in the management of other related seizure types. Morante-Redolat [41] and Kalachikov and colleagues [42] described autosomal dominant lateral temporal epilepsy (ADLTE) characterized by partial seizures and preceding auditory signs in the LGI1/Epitempin gene expressed on chromosome 10q24. Mutations in this gene introduce premature stop codons and prevent production of full-length protein from the affected allele. Although LGI1 haploinsufficiency causes ADLTE, the underlying molecular mechanism that results in abnormal brain excitability has instead been attributed to dysregulation of synaptic AMPA recep-tors in hippocampal neurons in the epileptic LGI1 knock-out mouse [43] . Fukata and colleagues [44] propose that extracellularly secreted LGI1 that links two epilepsy-related brain receptors, ADAM22 and ADAM23, organizes a transsynaptic protein complex that includes presynaptic potassium channels and postsynaptic AMPA receptor scaffolds. The lack of LGI1 disrupts this synaptic protein connection and selectively reduces AMPA receptor-mediated synaptic transmission in the hippocampus.
